The objective of the present study was to compare digestion rates (k d ) of NDF for different feeds estimated with the in situ method or derived from an automated gas in vitro system. A meta-analysis was conducted to evaluate how in situ derived k d of NDF related to in vivo digestibility of NDF. Furthermore, in vitro true digestibility of the feed samples incubated within fi lter bags or dispersed in the medium was compared, and k d for insoluble and soluble components of those feeds were estimated. Four different concentrates and 4 forages were used in this study. Two lactating Swedish Red cows fed a diet of 60% grass silage and 40% concentrate on DM basis were used for in situ incubations and for collection of rumen fl uid. The feed samples were ground through a 2.0-mm screen before the in situ incubations and a 1.0-mm screen before the in vitro gas incubations. In situ nylon bags were introduced into the rumen for determination of k d of NDF. Additional kinetic data were produced from isolated NDF and intact samples subjected to in vitro incubations in which gas production was recorded for 72 h. Samples were weighed in the bottles or within fi lter bags (for fi ber and in vitro studies) that were placed in the bottles. The interaction between feed and method was signifi cant (P < 0.01); k d of NDF for grass hay tended (P = 0.06) to be less whereas k d of NDF for alfalfa, barley grain, canola meal, and dried sugar beet pulp were greater (P < 0.01) when estimated with the in situ method than from gas production recordings. The meta-analysis suggested that in situ derived k d of NDF were biased and underestimated in vivo digestibility of NDF. Digestion rates of the intact samples were lower for all feeds, except for the hay, when incubated within the bags compared with dispersed in the medium (P < 0.01). Less OM and NDF were digested for all feeds when incubated within bags than dispersed in the medium (P < 0.01). It is concluded from the in vitro study that microbial activity within the bags is less than in the medium. Signifi cant interactions between method (in situ vs. in vitro) and feed suggest that one or both methods result in biased estimates of digestion kinetics.
INTRODUCTION
In situ and in vitro methods have been developed with the primary aim to estimate digestibility of feeds for diet formulation in ruminant livestock production systems (Weiss, 1994) . Models used for predictions of dietary protein and energy values in ruminant feed evaluation are of variable complexity. Variability in digestion rate (k d ) estimates associated with the exchange between bag and rumen or with the interaction between bag and sample characteristics have frequently been studied. Generally, bags should not restrict microbial digestion, there should be no loss of particles during the incubation, and the bag should allow for removal of end-products from the degradation (Nozière and Michalet-Doreau, 2000) .
Few studies have been published comparing in situ data to actual in vivo data. Huhtanen et al. (2008) presented good agreement between estimates of fi rst order k d derived from an in vitro gas production system and in vivo NDF digestibility (NDFD) . A large number of data points generated from the automated gas in vitro system makes it possible to fi t more complex mathematical models including more parameter estimates than with the gravimetric in vitro techniques and the in situ method (France et al., 2000) . Additionally, there is less interference between the sample and medium when samples are dispersed in the medium within the in vitro vessels compared with incubations within closed bags. Based on results of a preliminary meta-analysis we hypothesized that in vitro estimates of NDFD based on the use of rumen inoculum are lower if samples are incubated within bags. The objective with this study was to compare k d of NDF for different feeds estimated with the in situ method (k dIS ) or derived from an automated gas in vitro system (k dIV ). Furthermore, in vitro true digestibility of the feed samples incubated within fi lter bags or dispersed in the medium was compared, and k d for insoluble and soluble components of those feeds were estimated.
MATERIALS AND METHODS
The animals used in this experiment were registered and cared for according to guidelines approved by the University Animal Care and Use Committee of the Swedish University of Agricultural Sciences, and the experiment was performed in accordance with the laws and regulations controlling experiments performed with live animals in Sweden.
Meta-Analysis
Before comparing the evaluation of different feeds using the in situ and in vitro method, a preliminary metaanalysis was conducted. In the meta-analysis, estimates of k dIS of NDF were compared with observed in vivo NDFD using data from 9 studies including 31 diets [Aitchison et al., 1986; Huhtanen et al., 1995; Rinne et al., 1997 Rinne et al., , 2002 Owens et al., 2008; Prestløkken et al., 2008; Dønnem et al., 2011; Randby et al., 2012; M. Rinne (MTT Agrifood Research Finland, Jokioinen, Finland), personal communication] . The diets in the experiments consisted of different types of forages; fresh grass, grass hay or silage, and mixed swards of grass and red clover silages were fed with different levels of concentrate feeding. Grass species included in the diets were all cool season grasses originating from northern Europe. The concentrates fed with the individual forages differed in both amount and composition but were offered at fi xed levels or proportions throughout a study. All in vivo digestibility measures of NDF were conducted in sheep fed at maintenance or in low producing cattle fed at a comparable feeding level. In all experiments in vivo digestibility was determined by the total fecal collection method except in the study by Owens et al. (2008) in which fecal spot sampling and concentrations of acid-insoluble ash were used to estimate total tract digestibility. In situ determinations of k d of NDF was conducted in the cattle fed the experimental diets or in dry cows provided a diet of forage to concentrate ratio of 67:33. Forage samples incubated in situ was processed to hold a grind size equal to or larger than 1.5 mm across all experiments included in the analysis.
The NDFD from the in situ data was calculated according to a 2-compartment model as suggested by Allen and Mertens (1988) ,
in which k d = fractional rate of NDF digestion (1/h), k p = fractional rate of passage [a value of 1/(0.6 × 50) = 0.033/h was used], and k r = fractional rate of release from the nonescapable fraction to the escapable fraction [a value of 1/(0.4× 50) = 0.05/h was used]. This implied a total rumen residence time of 50 h distributed between the 2 compartments in a ratio of 40:60. The k d for the b-fraction was applied also to the a-fraction, which was assumed to be completely digestible. For NDF, a-fraction was assumed to represent particle loss rather than a fraction degraded at infi nite rate. Potentially digestible NDF (pdNDF) was determined from {[NDF -indigestible NDF (iNDF)]/NDF} in this meta-analysis.
Feed Samples and Chemical Analysis
Four different concentrates and 4 forages were used in this study. Samples of barley, oat, and canola meal were provided by the feed manufacturer AB Västerbottens Fodercentral in Umeå, Sweden. A sample of dried sugar beet pulp shreds was obtained from a bag of the commercial feed Betfor (Nordic Sugar A/S, Copenhagen, Denmark), which consists of dried beet fi ber enriched with molasses. Samples of 2 grass silages were from primary growth (June 21) and regrowth (July 21) of a mixed sward of timothy (Phleum pratense L.) and meadow fescue (Festuca pratensis Huds.) harvested at the Röbäcksdalen Research Farm in Umeå (63°45′ N, 20°17′ E). A hay sample from a timothy dominated sward harvested in July 2010 was also included in the study. The alfalfa (Medicago sativa L.) was harvested on July 3, 2009 from primary growth at early fl ower at the Institute of Animal Science in Prague-Uhříněves (50°2′ N, 14°36′ E). All feed samples were dried at 60°C for 48 h and were ground through a 2.0-mm screen for in situ incubations and a 1.0-mm screen for chemical analysis and in vitro gas incubations using a stationary cutting mill (Retsch SM 2000; Retsch GmbH, Haan, Germany) .
Residual moisture of all feed samples was determined by oven drying for 16 h at 105°C. Ash concentration was determined by ignition of the dried sample at 500°C for 4 h. The samples were analyzed for NDF using heat stable α-amylase and sodium sulfi te (Mertens et al., 2002) in an ANKOM 200 Fiber Analyzer (Ankom Technology Corp., Macedon, NY). Ash was determined in the bag residues and NDF is expressed free of residual ash. The lignin concentration of the feeds was determined by solubilization of cellulose in 12 M sulfuric acid after extraction with acid detergent according to the procedure described by Gomes et al. (2011) . The method was modifi ed by using a glass microfi ber fi ltering aid to trap small particles (934-AH; Whatman Inc., Piscataway, NJ) during the recovery of the insoluble residue in 100-mL fi lter crucibles holding a porosity of 40 to 100 μm (Saveen and Werner AB, Limhamn, Sweden) according to Raffrenato and Van Amburgh (2011) . Concentrations of N were determined by combustion methodology according to Duma's method (method 968.06; AOAC, 1998) using a Leco FP 428 nitrogen analyzer (Leco Corp., St Joseph, MI) and CP was calculated as N × 6.25.
In Situ Incubations and Calculations
The 2 Swedish Red cows that were used for the in situ incubations were fed a diet consisting of 60% grass silage and 40% concentrate (mainly composed of crimped barley and canola meal; ExPro; Lantmännen Lantbruk AB, Stockholm, Sweden) on DM basis with amounts regulated to meet production requirements. The cows were kept in a loose house system and offered a total mixed ration ad libitum in Roughage Intake Control feeders (Insentec B. V., Marknesse, The Netherlands), with intake recorded individually at each visit. The lactating cows were provided feed on 6 occasions daily as follows: 0400, 0700, 1000, 1300, 1600, and 1900 h. Concentration of iNDF in all forage samples was determined after a 288-h in situ incubation in the rumen using the 2 cows. All samples were incubated in duplicate bags within each cow. Samples of 2.0 g were weighed into polyester bags with pore size of 12 μm and a pore area equal to 6% of the total surface (Saatifi l PES 12/6; Saatitech S.p.A., Veniano, Como, Italy). The internal dimensions of the bags and sample size were adjusted to give a sample size to surface area ratio of 10 mg/cm 2 . After removal from the rumen, the bags were rinsed in a household washing machine [the rinsing part of the wool wash program including 3 times washing for 2.5 min per washing (including the time for fi lling of water) using approximately 8°C water; Electrolux Wascator W75MP; AB Electrolux, Stockholm, Sweden], boiled 1 h in neutral detergent solution including sodium sulfi te (100 mL/g of sample; Mertens et al., 2002) , thoroughly rinsed, dried at 60°C for 24 h, and weighed. Indigestible NDF was expressed exclusive of residual ash.
The ruminal disappearance of NDF in concentrate and forage samples was determined by the in situ method. Samples of 2.0 g were weighed into polyester bags with a pore size of 38 μm and a pore area equal to 31% of the total surface (Saatifi l PES 38/31; Saatitech S.p.A., Veniano, Como, Italy). The sample size to surface area ratio was the same as reported in the in situ determination of iNDF. The in situ incubation was conducted using 2 cows and repeated once; that is, 2 in situ incubations using the same procedures were conducted for all samples. All bags were presoaked in approximately 37°C tap water before placing them in the rumen. The nylon bags of the last 4 time points were introduced in reverse sequence into the rumen of each cow starting at 0700 h and incubated for 24, 48, 72, and 96 h. Bags for 3, 6, and 12 h of incubation were inserted into the rumen at the same time as the 24-h time point bag. All bags except for the 3 fi rst time points were removed from the rumen at the same time. All feed samples at all incubation time points were incubated in both cows. Concentrate feeds were not incubated in the rumen for more than 72 h. At 48, 72, and 96 h of incubation a total of 3 bags per feed were divided between the 2 cows such that no cow received more than a total of 62 bags. After removal the bags were immediately rinsed in a household washing machine using the same procedure as described in the in situ determination of iNDF, dried for 48 h at 60°C, and weighed. The incubation residues were analyzed for NDF and ash sequentially as described before. Triplicates of 0-h samples of all feeds were soaked in tap water (approximately 37°C) and rinsed in the household washing machine, thereby using the same procedures as described for the other bags.
The in situ NDF disappearance was evaluated using the simple model described by Ørskov and McDonald (1979) ,
in which D (time) = disappearance of NDF at any time point during the incubation, a = intercept representing the portion of NDF that had disappeared at time 0, b = potentially digestible NDF fraction, and k dIS = fractional rate of disappearance of fraction b (1/h). Digestibility of NDF from the in situ data was calculated according to Eq. 1. The same assumptions as in the meta-analysis of k d of the a-fraction was applied and the a-fraction was assumed to be completely digestible. from the sample gas production. The gas production NDS) was calculated from the total gas production of the corresponding intact order k for the intact feed samples and NDF and NDS fractions were calculated from respective gas curve. A 2-pool or a 3-pool (for NDS fractions of the were then used in a dynamic mechanistic rumen model
time = volume of gas at any time during the al., 1997). Pool 3 generally had a long lag phase (i.e., typically >20 h), low total gas volume, and slow gas production rate. Therefore, gas production from the third pool of the NDS fraction of the samples was assumed order k d using the rumen residence times for concentrates and forages estimates of k the meta-analysis. Furthermore, the same assumptions used. Ash-free NDF was determined in intact feeds and in ANKOM 200 Sugar beet pulp 91.0 92.5 10.1 31.7 0.9 2.5 1 Grass silage 1 and 2 were harvested as a fi rst and second cut, respectively.
2 Indigestible NDF (iNDF) determined from 288-h ruminal in situ incubation. varied (P Rate of disappearance of b (k dIS ) was also affected by feed (P < 0.01; Table 2 ). Digestion rate of NDF estimated with the in situ method was greater across all feeds than when derived from the automated gas in vitro system (P < 0.01; Table 2 ). There was a signifi cant interaction between feed and method (P < 0.01; Table 2 ); k dIS of NDF for alfalfa, barley grain, canola meal, and dried sugar beet pulp was greater than k dIV of NDF (P < 0.01). Furthermore, k dIS of NDF for grass hay tended (P = 0.06) to be less than k dIV of NDF.
Digestion rates of the whole feed and neutral detergent fractions and in vitro true digestibility of OM and NDF for all feeds either incubated dispersed in the medium or within fi lter bags are presented in Table 3 . Digestion rates of the whole feeds and of feed NDS were lower for all feeds, except for the hay, when the samples were incubated within the bags compared with dispersed in the medium (P < 0.01).
Digestion rates of feed NDF were not signifi cantly affected by incubation within bag or dispersed in the medium (P = 0.15; Table 3 ). However, there were signifi cant (P < 0.01; Table 3 ) interactions between incubation method and feed that affected estimates of k dIV of NDF. Furthermore, the asymptotic gas volumes from intact samples and isolated NDF of all feeds were smaller when incubated within bags compared with when dispersed in the medium (P < 0.01; Fig. 2 ). The relative decreases in asymptotic gas volumes were greater for isolated NDF than for intact feeds when the feeds were incubated within the bags rather than dispersed in the medium (0.66 vs. 0.32 proportional decreases in asymptotic gas volumes across all feeds presented in Fig. 2, respectively) . The observed in vitro true digestibility of OM and NDF were lower for all feeds when incubated within fi lter bags rather than dispersed in the medium (P < 0.01; Table 3 ).
DISCUSSION

In Situ Compared with Gas In Vitro Derived Digestion Rate
Kinetic parameters of ruminal protein degradation and NDF digestion are crucial to accurately predict nutrient supply to the productive animal. The kinetics of ruminal degradation of feeds has traditionally been estimated with the in situ technique. Due to low repeatability or variable procedures between laboratories, efforts have been made to standardize the technique (Michalet-Doreau and OuldBah, 1992; Madsen and Hvelplund, 1994) . Despite this, the technique has not been regarded accurate enough for quantitative estimation of k d and its value is primarily in ranking relative differences or associative effects between feeds (Huhtanen et al., 1998; Nozière and MichaletDoreau, 2000) . In situ method clearly underestimated in vivo NDFD and the underestimation was greater for low digestibility feeds in the meta-analysis conducted in this study. Similar results were obtained by Archimede Table 2 . In situ derived NDF digestion parameters and digestion rate (k d ), k d of NDF derived from in vitro gas production profi les, and NDF digestibility (NDFD) predicted from a 2-compartment rumen equation (n = 2) 2 Probability of a signifi cant effect of feed, method, and interaction between feed and method (F × M). No value given indicates that P-values and SE are similar as in the line above for the relevant item.
3 In situ parameters described according to the model by Ørskov and McDonald (1979) , where a = intercept representing the portion of NDF that had disappeared at time 0, and b = potentially digestible NDF fraction. The estimate of k d from the in situ method represents the fractional rate of disappearance of fraction b. 4 Particle loss as % NDF in the DM determined from triplicates of 0-h samples soaked in tap water and rinsed in a household washing machine and thereafter residues were analyzed for NDF.
5 Gas production was recorded for the isolated NDF of all feeds and used to estimate k d of NDF. Incubation residues were analyzed for NDF to determine in vitro NDFD.
6 Digestibility of NDF determined from the potentially digestible NDF (a plus b), and according to the equation of Allen and Mertens (1988) (1992) who compared ruminal NDFD estimated by in situ or from duodenal fl ow (cited by Nozière and MichaletDoreau, 2000) . A small adjusted RMSE indicates that the in situ method predicted differences in NDFD precisely, but the accuracy was poor due to the large mean bias. Furthermore, the greater RMSE with the simple regression supported large variations between studies.
The signifi cant interaction term between feed and method in this study did not support a generally lower k dIS of NDF when compared with k dIV of NDF. The main fl aw with the in situ technique has been claimed to be a different microenvironment with reduced microbial activity inside the bags compared with the rumen (Meyer and Mackie, 1986) . Several studies have shown that particle-associated enzyme activities have been much greater when measured from rumen digesta than from feed particles recovered from incubated in situ bags (Huhtanen and Khalili, 1992; Nozière and MichaletDoreau, 1996; Huhtanen et al., 1998) . Decreased in vitro digestibilities of OM and NDF within bags compared with sample dispersed in the medium are consistent with previous observations of the greater enzyme activities in rumen digesta compared with the in situ residues, but inconsistent effects of the incubation method on k d of NDF do not support this. However, it is possible that within the bags only the most easily digestible Table 3 . Digestion rate (k d ) of DM, NDF and neutral detergent solubles (NDS) derived from 72-h in vitro gas production profi les, and in vitro OM digestibility (OMD) and NDF digestibility (NDFD) of samples incubated dispersed in the medium or within fi lter bags (n = 2) 74.9 1 Grass silage 1 and 2 were harvested as a fi rst and second cut, respectively.
2 Probability of a signifi cant effect of feed, method, and interaction between feed and method (F × M). No value given indicates that P-values and SE are similar as in the line above for the relevant item.
Figure 2. Asymptotic gas volume in milliliters per gram of DM (n = 2) of intact feed (left) and isolated NDF (right) either incubated dispersed in the medium (dark gray bars) or within fi lter bags (light gray bars). Grass silage 1 and 2 were harvested as a fi rst and second cut, respectively. NDF was digested resulting in biased rate estimates for the total NDF (Van Soest et al., 2005) . Furthermore, positive correlations between DM disappearance and carboxymethylcellulase and xylanase activities in situ have been demonstrated across a range of diets (Silva et al., 1987; . Except for the confi ning conditions created by the bag, also the shorter exposure to rumen conditions and lack of mastication of the feed could explain the reduced microbial activity (Nozière and Michalet-Doreau, 2000) . However, in the study by Huhtanen et al. (1998) particle-associated enzyme activities within bags were less than in the rumen digesta irrespective of incubation time (3 to 96 h) and bag fabric. These effects are in agreement with a tendency of reduced k dIS than k dIV of NDF for grass hay in this study. Partly in agreement with the results of this study, Jančík et al. (2011) reported on average less k dIS than k dIV of NDF (3.6 vs. 6.4%/h; P < 0.001) for grasses and grass silages of different species and maturities. However, there were no differences between the methods in estimation of k d of NDF for the grass silages in this study. In the present study the k dIS values for silages were clearly greater than those in the study of Jančík et al. (2011) , suggesting between laboratory differences in the in situ data (Madsen and Hvelplund, 1994) , which was further supported in our meta-analysis. Bossen et al. (2008) demonstrated that k dIS of NDF were generally less than in vitro estimates across different feeds due to suboptimal conditions inside the bags, but they also suggested that diurnal variation in rumen conditions may moderate this effect. Faster k d determined by rumen evacuation technique compared with the in situ values (Aitchison et al., 1986; Tamminga et al., 1989; Rinne et al., 2002) supports that the in situ technique may underestimate the k d of NDF. Accurate and precise predictions of in vivo NDFD (Huhtanen et al., 2008) and realistic predictions of pdNDF digestibility (Jančík et al., 2011) from parameters derived from the gas in vitro data indicate that the gas in vitro system is a useful tool for estimating k d for NDF.
The k dIS was greater than k dIV of NDF for some feeds in this study. This could imply that, except for being infl uenced by intrinsic fi ber characteristic of the feed and by the microbial activity within the bag, in situ rates of NDF disappearance can be subjected to secondary particle losses. Initial particle loss of NDF suggests that a fraction of NDF can disappear from the bags without microbial fermentation. It is therefore possible that particles also become eligible for escape from the bags when the particle size decreases as a result of microbial fermentation thereby increasing the apparent rate of digestion. Two reasons for negative particle loss can be suggested. First, errors in NDF analysis of the sample and residue could have contributed to apparent negative particle loss. Second, NDF residue was clumped together in 0-h washing and drying, but a rather small SD (0.85%) does not support this. Neither does the fact that the residues were moved to Ankom bags, an action in which potential clumps likely were broken. That the k dIS of concentrates mostly was more rapid would further be in agreement with a generally smaller particle distribution of concentrates than forages ground through the same screen size. These variations of particle size distribution do affect the immediate particle loss (determined from 0-h samples) but also would increase the likelihood of a secondary particle loss from the bag with succeeding degradation as suggested by Huhtanen and Sveinbjörnsson (2006) . High k dIS values for concentrate feeds except oats (Table 2) relative to low in vivo NDFD (37%; n = 3) of concentrate feeds (Dønnem et al., 2011; Randby et al., 2012) support the theory of secondary particle losses in situ. In both studies, NDFD was estimated by difference in sheep provided a diet comprising about 50% concentrate feeds on DM basis fed at maintenance level of intake. Tothi et al. (2003) reported an interaction between grain source (corn vs. barley) and method (in situ vs. rumen evacuation) in k d of starch. The faster rate with the in situ compared with rumen evacuation method for barley may indicate the secondary particle loss whereas the slower rate in situ for corn may be associated with lower microbial activity within bags compared with rumen digesta. Rumen evacuation derived k d decreased with increased proportion of barley in grass silage or hay based diets (Huhtanen and Jaakkola, 1993) and does not agree with the very high k dIS of NDF of barley observed in the present study.
Enclosure of Samples within Bags In Vitro
The pore size and open surface area of bags used for in situ and in vitro studies should allow for removal of degradation end products from substrate fermentation, thereby equating the internal environment within the bag with that of the rumen or surrounding buffered rumen fl uid of the in vitro system. The problems related to particle loss were avoided when the feeds were incubated in vitro in Ankom bags in the serum bottles. The bags became fi lled with gas soon after the fermentation started in the bottles of the gas in vitro system. However, all bags were kept under the surface of the buffered rumen fl uid in the bottles due to the inserted stainless steel weights. Adesogan (2005) showed that submersed samples in vitro (weighted bags) had greater digestibility compared with unweighted bags. Marinucci et al. (1992) also observed a lack of gas release from alfalfa hay incubated within 50-μm synthetic fi ber bags in vitro. Furthermore, DM and cellulose disappearance were decreased by up to 14.7 and 21.4% units after a 48-h in vitro fermentation for samples within bags compared with in bottles. After our 72-h incubation of samples dispersed in the medium or incubated within bags in the bottles, the decrease of the in vitro digestibility of OM was most pronounced for the grass silages and hay ranging from 17.8 to 27.7% units. Alfalfa and concentrates incubated within bags in vitro displayed a smaller decrease in OM digestibility (between 4.0 and 9.5% units). The in vitro NDFD was more equally (except for alfalfa) and markedly decreased for all feeds incubated within bags compared with when dispersed in the medium. However, this does not necessarily imply greater activity of microorganisms digesting NDS, because the true in vitro digestibility of OM is based on determination of NDF in the residue. Marinucci et al. (1992) suggested that poor exchange with fl uid inside the bag led to accumulation of VFA, which would explain the observed decrease in pH. Furthermore, decreased pH is in agreement with reduced fi brolytic enzyme activity of microorganisms attached to feed particles inside bags in vitro. An inhibitory level of pH would explain the decreased asymptotic gas volume observed for both intact feed and isolated NDF incubated within bags compared with samples dispersed in the medium in vitro in this study. Estimates of k dIV of NDF are clearly not enough as a measure of the activity of fi ber digesting microorganisms in vitro and should be supplemented with a measure of the total amount of substrate digested when incubated in bags. However, smaller gas production and reduced NDFD of samples within Ankom bags compared with when dispersed in the medium suggest that the enclosure of samples within bags clearly inhibited normal digestion processes. The differences in k d of NDF were inconsistent, probably because the supply of soluble nutrients outside the bags varied between the feeds or because differences in the microenvironment within and outside bags were related to feed type. However, it should be noted that the physical action on the bags are milder in the in vitro system than in the rumen. This could hinder the exchange of microorganisms, nutrients, buffer, and fermentation end-products through the small pores of the fabric.
Conclusions
Fermentation of feeds within the fi ber bags used for in vitro analysis reduced NDFD gas production markedly compared with feeds dispersed in the medium, but the effects on k d were inconsistent. There were highly signifi cant interactions between feeds and methods. Interactions in k d of NDF could be related to secondary particle loss from the bags, especially from some concentrate feeds, during prolonged ruminal incubation. It appears that incubation of isolated NDF in the in vitro gas production system is a promising tool for determination of the k d of NDF. However, more work is needed to validate the method against in vivo data. The present results do not provide any support for incubating feeds within bags in vitro.
